Although T Central Memory cells have been described as the most effective T-cell subtype against tumor growth, little is known about the requirements needed for their optimal ex vivo generation. Hence, our goal is to establish a protocol that will lead to consistent ex vivo generation of lymphocytes skewed toward a Central Memory phenotype. Antigen-specific T-cell lines were generated by ex vivo stimulation with Class-I and Class-II melanoma peptide pulsed Dendritic Cells in the presence of either IL-2 or IL-15 plus IL-21. Tumor specific lymphocytes of both Central Memory and effector characteristics were consistently generated from healthy donors and melanoma patients. IL15/IL21 cultures result in a cell population with a lower proportion of CD4 +
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high FoxP3 + regulatory cells and higher number of CD8 + and CD56 + cells, and consequently render a higher yield of cells with a greater cytolytic activity and IFN-c production against melanoma cell lines. Ó 2009 Elsevier Ireland Ltd. All rights reserved.
Introduction
The potential antineoplastic efficacy of adoptive immunotherapy (AIT) with antigen-specific T-cells is supported by studies in mice and melanoma patients [1] . Moreover, there is increasing evidence that anti-tumor specific Tcells, obtained after multiple rounds of in vitro stimulation, are highly effective cytotoxic cells in vitro, but may be less effective in vivo than naïve T-cells or Memory T-cells [2] [3] [4] . Thus, the description of a reliable and relatively brief method for the ex vivo expansion of human T Central Memory cells (T CM ), characterized by the presence of homing receptors in their membrane, as well as by their capacity to rapidly proliferate after an encounter with an antigen, is a subject of great interest [4, 5] .
Interleukin-2 (IL-2), a potent lymphocyte growth factor, has often been the cytokine of choice for the in vitro expansion of human T-cells, but recent reports have documented that in vivo administration of high doses of IL-2 increased the pool of FoxP3 + regulatory cells in patients with metastatic melanoma and other carcinomas [6] [7] [8] [9] . In addition, the role of IL-2 in activation-induced cell death of T-cells and inhibition of memory CD8 + T-cell proliferation is well documented [10, 11] . On the other hand, preclinical data in mice has shown that T-cells grown in the presence of IL-15 or IL-21 [12] [13] [14] developed a T CM phenotype (defined as CD45RO + CD62L + ) with higher in vivo anti-tumor activity than effector T-cells. Both human and mouse data indicates that IL-15 and IL-21 are able to support the proliferation and anti-tumor activity of CD8 cells in a synergistic way [15] [16] [17] .
Researchers designing anti-tumor vaccines frequently focus on the CD8 compartment, neglecting the role of CD4 helper cells and other lymphocyte subpopulations, despite the fact that CD4 T-cells are able to reject tumor cells in the absence of CD8 cells in some mouse models [18] . However, their main role is probably to support the activation and proliferation of CD8 T-cells [19] , and, although the ultimate mechanism by which the CD4 cells provide their help is not yet totally understood, frequently it is mediated by CD40 cross-linking in the DC, and the subsequent ''licensing" of the DC [20] [21] [22] . Similarly, the cross-talk between DC and NK and NKT cells, as well as their proven capacity to exert anti-tumor activity [23] [24] [25] [26] , indicates that the CD56 + population plays a potentially valuable role.
We hypothesize that the combination of multiple lymphocyte subpopulations, specificities and states of differentiation may represent an ideal strategy directed against tumor growth and may circumvent tumor evasion mechanisms. Thus, we chose to expand the whole lymphocyte compartment, rather than purifying the CD8 + population.
In this study, we describe a protocol for the production of a lymphocyte population enriched for tumor specific Tcells. To achieve specific proliferation of anti-tumor lymphocytes, healthy donor or melanoma patient lymphocytes were stimulated with autologous matured DC (mDC) pulsed with a pool of Class-I and Class-II melanoma antigens in the presence of IL-2 or IL-15 and IL-21, followed by a non-specific anti CD3 plus IL-2 expansion. While the proportion of T CM cells in both groups were similar, lymphocytes cultured with IL15/IL21 expanded faster and the numbers of CD4 + CD25 high
FoxP3
+ regulatory T-cells was three times lower. Lymphocytes induced in both protocols were antigen specific, as demonstrated by their ability to produce IFN-c and exert cytolytic activity against a melanoma target, although the addition of IL15/IL21 to the cultures results in a significant increase in both lytic activity and IFN-c production. Thus, we conclude that IL-15/IL-21 efficiently expands tumor-specific lymphocytes of both effector and memory phenotype, and that this population of lymphocytes exerts anti-tumor activity, offering the opportunity for use in melanoma clinical trials, obviating the negative factors associated with the use of IL-2.
Materials and methods

Human cells
PBMC were obtained from HLA-A2 + melanoma patients and healthy volunteers using an IRB approved protocol for apheresis. Lymphocyte and monocyte enriched fractions were isolated by elutriation, and cells were frozen in 10% human AB serum (Gemini Bio-Products, West Sacramento, CA) and 10% DMSO (Sigma, St. Louis, MO) and stored at À140°C. All subjects signed an informed consent form.
Peptides and cell lines
Peptides were prepared by New England Peptides (Gardner, MA), and the purity was >95% in all cases. Class-I peptides were MART1/Melan-A(26-352L) (ELAGIGILTV), NY-ESO-1(157-175) (SLLMWITQC), gp100(209-2172 M) (IMDQVPFSV), Tyrosinase(369-377) (YMDGTMSQV), and MAGE-A3(271-279) (FLWGPRALV) [27] [28] [29] [30] [31] . Class-II peptides were gp100(175-189) (GRAMLGTHTMEVTVY) and NY-ESO-1(157-170) (SLLMWITQCFLPVF) [32, 33] . HLA-A2 + cell lines A375 (melanoma), SKOv3 (ovarian carcinoma), and the cell lines T2 and K562 were obtained from the American Type Culture Collection (ATCC) (Rockville, MD) and cultured following ATCC guidelines.
Generation of DC
Purified human monocytes were cultured in 75 ml gaspermeable VueLife culture bags (American Fluoroseal Corp., Gaithersburg, MD) with IL-4 (20 ng/mL) (PeproTech, Rocky Hill, NJ) and GM-CSF (500 IU/ml) (Berlex Laboratories, Montville, NJ) in serum free AIM-V media (GIBCO). Maturation of DC was induced by LPS (100 ng/ml) (List Biological Laboratories, Campbell, CA) and IFN-c (20 ng/ml) (Schering, Kenilworth, NJ).
Generation of antigen-specific CTL
Lymphocytes were isolated from apheresis of HLA-A2 + healthy donors or melanoma patients. Matured DC were pulsed with a pool of peptides at 10 lg/mL in serum-free RPMI (Hyclone, South Logan, UT) for 2 h at room temperature. Autologous mDC were then added to lymphocytes at a ratio of 1:10 in 12 well tissue culture plates in RPMI supplemented with penicillin/streptomycin (50 lg/mL) and 10% human AB serum. Beginning 48 h later, CTL cultures were supplemented with either IL-2 (20 U/ml) (Novartis, Emoryville, CA) or IL-15 and IL-21 (10 lg/ml) (PeproTech).
Fresh media and cytokines were added every 3-4 days. Ten days later cultures were re-stimulated with OKT3 (50 ng/ ml) (Ortho Biotech Products, Bridgewater, NJ) and IL-2 (100 IU/ml) in the presence of irradiated autologous PBMC (1 Â 10 6 cells/ml). The cell number was evaluated every 2- 3 days, and the cells were diluted to a concentration of 0.5-1 Â 10 6 /mL with fresh media and IL-2.
Flow cytometry
Flow cytometry was performed on a FACSCanto (BD Biosciences, San Jose, CA). Two phycoerythirin (PE)-labeled tetramers consisting of HLA-A2 folded with NY-ESO-1 and MAGE-A3 peptides were provided by the NIH Tetramer Core Facility. MART1/Melan-A and negative PE-labeled tetramers were purchased from Beckman Coulter. Fluorochrome conjugated anti-human antibodies were specific for CD3 (UCHT1), CD4 (OKT4), CD8 (RPA-T8), CD44 (IM7), CD45R0 (UCHL1), CD56 (MEM188), CD62L (Dreg56), CD80 (2D10) and IL-15Ra (JM7A4). All antibodies were from eBioscience (San Diego, CA) except CD56 (BD Biosciences). Apoptotic cells were analyzed by using Annexin V-apoptosis Detection Kit (eBioscience) according to the manufacturer's instructions. Acquired data was analyzed using FlowJo software (Tree Star, Ashland, OR). 
CD56 C
ELISPOT
Flat-bottomed, 96-well nitrocellulose-lined plates (Millipore, Bedford, MA) were coated with IFN-c mAb (1-D1K) (Mabtech, Cincinnati, OH) and incubated o.n. at 4°C. After washing with coating buffer, plates were blocked with 10% human AB serum for 2 h at 37°C. Effector and target cells were incubated together for 20 h. After washing plates with 0.05% Tween 20 in PBS, a biotinylated secondary IFN-c mAb (7-B6-1) (Mabtech) was added. After incubation for 2 h at 37°C, the plates were washed and developed with streptavidin-alkaline phosphatase for 1 h at room temperature and then fresh substrate was added and the plates incubated for 65 min. Spots were counted with an Automated ELISPOT Reader System with KS 4.3 software (Carl Zeiss).
Cytotoxicity assays
Cytotoxic activity was analyzed in a standard Cr 51 release assay as previously described [34] . Briefly, 1 Â 10 6 target cells were incubated with 50 lCi of Cr 51 for 2 h at 
Statistical analyses
Normality of distributions was assessed using the Saphiro-Wilk's test. Normal distributions were compared by the Student's t test; non-normal samplings were compared using the Mann-Whitney test. Values of p inferior to 0.05 were considered significant. All tests were done using Prism 5 software (GraphPad).
Results
Tumor-specific T-cells are readily expanded from healthy donors and melanoma patients
To evaluate the feasibility of ex vivo expansion of tumor specific Tcells, PBMC were obtained from HLA-A2 + healthy donors and melanoma patients. DC were matured with LPS and IFN-c, so the high affinity subunit receptor IL-15a was up-regulated, enabling trans-presentation of IL-15 to the T-cells (Fig. 1) (Fig. 2a) . We then examined the cell phenotype pre-and post-expansion. After 15 days of culture, we were able to identify CD8 + and CD4 + cells with a T CM phenotype, (CD45R0 + CD62L + ) [37] in both culture conditions, with no significant difference between them (Table 1 and Fig. 2b) Fig. 2c ).
Addition of IL-15 and IL-21 effectively reduce the percentage of regulatory T-cell
To determine whether the IL-2 or IL-15/IL-21 cytokines induce the proliferation of T regs, we evaluated the expression of CD25 and FoxP3 in the CD4 subpopulation at days 7 (during enrichment) and 15 (expansion phase) of the cultures. Interestingly, while at day 7 the proportion of CD4CD25 high FoxP3 + cells were similar in both conditions, at day 14 to 15 we consistently detected a decrease in the proportion of T regs in the cultures with IL15/IL21 (Table 1 and Fig. 3 ).
The T-cells generated are specific against melanoma antigens
To examine whether the enrichment phase of the culture results in the expansion of a tumor specific T-cell population, we performed a Cr 51 release assay against a melanoma cell line (A375) and an ovarian carcinoma cell line (SKOv3). As shown in Fig. 4a (left panel), cells expanded with the combination of IL-15/IL-21 had a higher lytic activity against the melanoma cells and had higher number of cells producing IFN-c as measured by an ELISPOT assay (Fig. 4b) . To see if the higher cytolytic activity in the IL-15/21 cultures was only due to the higher proportion of NK cells, we performed a cold blocking experiment, where an excess of cold NK target cell line K562 was added to every well. As shown in Fig. 4a (right  panel) , the IL-15/21 cultures still showed a higher lytic activity against peptide pulsed T2 cells when compared to the IL-2 cultures.
To test if any of the peptides used was able to induce superior cytotoxic activity, we stimulated lymphocytes from a healthy donor with DC pulsed with the individual Class-I peptides. Seven days later we performed an ELISPOT against unloaded DC, DC pulsed with the peptides or DC pulsed with a tumor lysate from the melanoma cell line. As shown in Fig. 4c , each of the individual peptides induced a specific immune response of similar intensity.
Emergence of tumor antigen specific CD8
Using a MART1/Melan-A tetramer, we measured the percentage of tetramer specific cells for both the IL-2 and IL15/IL21 expanded cells. As shown in Fig. 5 , although the differences were not statistically significant, we consistently found a higher percentage of tetramer positive CD8 cells when IL-15/IL-21 was used. This result was further confirmed with MAGE-A3 and NY-ESO-1 tetramers (data not shown).
Discussion
Despite the substantial progress that has been made in the last few decades in our understanding of the molecular and cellular events underlying T-cell mediated anti-tumor response [38] , the clinical realization of effective therapeutic vaccines against vascularized tumors has not yet been widely achieved. Most of the protocols in which AIT is involved rely on the purification and further expansion of tumor-infiltrating lymphocytes (TIL), despite the inherent technical difficulty to obtain them in the most common malignancies. Even when TIL are obtained, in order to further expand their number, a rapid in vitro expansion protocol is required [2] , and thus, the lymphocytes undergo a complete differentiation and acquire an effector phenotype, characterized by a high in vitro lytic activity [4] . However, some studies have documented that the adoptive transfer of T CM possessing enhanced lymphoid-homing properties provides superior immunity when compared with the transfer of other CD8 subpopulations [4, 39] . Thus, the description of a reliable method for the production of large numbers of T CM from PBMC has recently become the subject of an extraordinary effort by the scientific community [23, [40] [41] [42] [43] [44] .
On the other hand, based probably on their ability to effectively kill tumor cells, but also by the concerns raised since the discovery of regulatory CD4 cells [45] , CD8 + cells have become the main focus of several decades of research in anti-tumor immunotherapy, and consequently, most clinical trials rely on them. However, in the last few years a growing number of reports indicate that other lymphocyte subpopulations could have a positive impact when included in adoptive cellular therapy [18] . Consequently, we hypothesize that a mixture of T CM and effector CD8 + and CD4 + cells of different antigenic specificity, as well as NK and NKT cells will be better equipped to address the challenging environment associated with tumor development [46] . Here, we describe a new method for the expansion of anti-tumor lymphocytes based on the use of IL-15 plus IL-21 in the culture, in order to induce T CM cells [5, 13] , and the expansion of the whole lymphocyte compartment, instead of focusing merely on the CD8 + subpopulation. Due to the growing consensus that terminally differentiated Tcells are less effective in vivo than early effector or memory cells [4] , we chose to give the cells only two cycles of in vitro stimulation. The first one was an enrichment phase, where T-cells were stimulated with autologous mDC pulsed with a pool of Class-I and Class-II melanoma antigens, followed by a non specific CD3 and IL-2 expansion. Our results demonstrate that the substitution of IL-2 with IL-15/IL-21 during the enrichment phase lead to a lower percentage of apoptotic cells, resulting in higher number of total cells after 14 days of culture. Contrary to our expectations, the percentage of T CM (CD45RO + CD62L + ) cells was not significantly different between groups. However, these results are in line with previous observations that low doses of IL-2 (1-5 ng/ml, in range with the 20 U/ml we were using) fail to develop fully differentiated effector cells [47] [48] [49] . According to other reports [50, 51] [48, 49] . Also, the greater proportion of NK cells could add to the higher cytolytic activity of the IL15/IL21 lymphocytes, as supported by cold blocking cytotoxic experiments.
In conclusion, we report a protocol for the efficient expansion of lymphocytes that, when cultured with the cytokines IL-15/IL-21, fulfill the in vitro desired characteristics of a heterogeneous mix of different lymphocyte subpopulations, specificities and states of differentiation, obviating the negative factors associated with the use of IL-2. The use of these expanded lymphocytes in an AIT treatment regimen may represent an effective strategy against tumor growth, and result in circumvention of tumor evasion mechanisms.
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